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LETTERS  TO  THE  EDITOR 
[Brief letters to the Editor that make specific scientific reference to papers pub- 
lished previously in THE JOURNAL OF GENERAL PHYSIOLOGY  are invited. Receipt 
of such  letters will  be acknowledged,  and  those  containing pertinent scientific 
comments and scientific criticisms will be published.] 
The Anomalous Spikes of Ascaris Esophageal Cells 
The remarkable data by del Castillo and Morales (1967) on the eleetrophysiology of 
the Ascaris esophageal cell emphasize the usefulness of studies in  primitive forms in 
which the record of evolutionary experimentation may still he preserved (Grundfest, 
1959,  1963,  1964,  1966  a).  They also  present an  interesting challenge to  the ionic 
theory of bioelectrogenesis, requiring it to account for intracellularly recorded spikes 
that may result from electrogenesis that is diphasic or which is entirely hyperpolariz- 
ing. Obviously, if the theory can explain the new findings, it thereby gains new sup- 
port.  I  propose  to  show  that  the  modern  ionic  theory  (Hodgkin  and  Katz,  1949; 
Hodgkin and Huxley,  1952)  as extended to include the large variety of bioeleetric 
generators that  are now known  to exist  (Grundfest,  1961,  1966  a,  1966  b)  can,  in 
fact, encompass these data.  Since del Castillo and his colleagues have not yet com- 
pleted their studies, only a partial theoretical interpretation can be given at this time 
and the specification of particular ionic processes remains only an assumption.  How- 
ever, even a  preliminary analysis may prove useful in suggesting some desirable ex- 
perimental  approaches  and  in  pointing  up  relationships  of the  new  findings  with 
observations on other electrically excitable electrogenie ceils. 
Markedly  diphasic  intracellularly  recorded  spikes  have  also  been  described  in 
muscle fibers of the larval mealworm,  Tenebrio molitor (Belton and Grundfest,  1962). 
In  these  cells  it  has  been  established  that  the  hyperpolarizing  component  of the 
electrogenesis is due to K  activation (Fig.  1 A) and it is probable, as del Castillo and 
Morales assume  (p. 626) that the hyperpolarization of the "polarized" Ascaris cell is 
also due to K  activation. The marked diphasieity of both cells thus is to be ascribed 
to the common factor; that the emf of the K  battery (EK) is strongly negative to the 
resting potential (EM). 
The depolarizing component of the spike electrogenesis of Tenebrio muscle fibers is 
normally due to an inward current carried by Mg  ++  (Belton and Grundfest,  1962), 
but other cations may be substituted for Mg  ++  (Kusano and Grundfest,  1967,  and 
unpublished data). As in other varieties of spikes, therefore, a negative slope character- 
istic is manifested as the membrane  potential shifts from EM to Eg.  In  the Ascaris 
cell  the  nature  of the  cation  involved in  spike  electrogenesis is  as  yet unspecified. 
During the subsequent K  activation the membrane potential shifts from E9 to E~ in 
both cells.  Since an outward current is associated with hyperpolarization the voltage- 
current characteristic has a  second negative slope region. Finally, as the membrane 
potential approaches E~, K  activation must be quenched. The inside negative charge 
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FIOURE  1.  Intracellularly recorded  "anomalous" spikes  in muscle fibers of  Tenebrio 
molitor and in esophageal cells of Ascaris lumbricoides, and diagrammatic voltage clamp 
presentations of ionic events that can cause the various responses. 
A, diphasic spikes of the two cells recorded at the same amplification, but with dif- 
ferent time bases.  Four superimposed sweeps are shown for  the  Tenebrio record  (left). 
The fiber was stimulated with three pulses of increasing intensity. Upper trace, which 
is the reference zero, also monitors the intracellulariy applied currents. The Ascaris cell 
(right) was stimulated with an external pulse (response  1 of Fig. 7). In their usual ionic 
milieu the resting potential (Eat) of both cells is about -  40 mv and the resting conduct- 
ance is relatively low.  Increased conductance (activation) for an ionic battery with an 
inside-positive emf (Eo) is induced by the depolarizing sdmulus and an inward current 
leads to spike electrogenesis.  Mg is the ion responsible for this emf in Tenebrio muscle, 
but that which is involved in the Ascaris cell is as yet unspecified. The broken line sche- 
matically indicates the subsequent outward current that is due to K  activation and the 
shift  of the membrane potential toward  the inside-negative E~.  The resulting hyper- 
polarization tends to quench K  activation. The negative charge on the membrane is 
then dissipated as an inward current across  the higher resistance of the resting mem- 
brane. Note that the hyperpolarizing undershoot of the Tenebrio fiber diminished despite 
the persistence of a  depolarizing stimulus. The latter, however,  continued to evoke a 
smaller K  activation which is evidenced by the small hyperpolarization that followed 
the end of the current. 
B, the condition when a  Tenebrio muscle fiber is bathed in isosmotic  KC1. The record 
(left  center)  shows  an overshooting, prolonged K  spike  evoked  in a  fiber bathed  in 
340 rnM KCI. While E~ was essentially the same as in A, the only other ionic battery 
reacting with a conductance increase was that for K, with an inside-positive emf (Eta:). 
The depolarizing stimulus appears as a brief pulse at the time scale of the recording and 
it caused a small step on the initial part of the spike. The step indicates that the conduct- 
ance increase due to K  activation was relatively small in comparison with the conduct- 
ance change at the peak of the spike of a squid giant axon. 
C, the effect on Ascaris cells of increasing C1. The hyperpolarizing spike (right center) LETTERS  TO  THE  EDITOR  I957 
on the  membrane then is dissipated as an inward  current  across the  relatively high 
resting resistance,  the  characteristic exhibiting  a  third  negative slope region. 
The different types of electrogenesis of the  two cells under  different ionic condi- 
tions (Fig.  1 B and C) are also readily accounted for by the ionic theory. The resting 
potential  (Eu)  of Tenebrio muscle fibers can be set by manipulation of the ionic en- 
vironment at values that range between  --30 and  --100 my, but once set, Eu is re- 
markably insensitive  to  changes in  external  potassium  (Ko).  For example, E~  may 
remain  constant  at  --100 my during  exposure to  360  m_M KCI for as long as  2  hr 
(Betton and Grundfest, 1962; Kusano and Grundfest, data to be published), although 
the  emf of the  K  battery (E'x) is now strongly inside-positive  (Fig.  1 B).  However, 
the membrane temporarily becomes a K  electrode when a stimulus initiates K  activa- 
tion and the muscle fiber generates an overshooting of K  spike. The K  activation is 
sustained by the depolarizing electrogenesis and the K  spike is a  prolonged response, 
whereas the  hyperpolarizing component of the  diphasic  spike  (A)  is brief. 
The Ascaris cell depolarizes when  the  CI of the medium is elevated, while EK re- 
mains  negative  to  the  new  resting potential  (E'M), which  is close  to  zero  potential 
(Fig.  1 C).  A  depolarizing stimulus apparently activates whatever is still available of 
the  ionic  component  that  causes  the  depolarizing  electrogenesis  and  this,  in  turn, 
gives way to K  activation. The electrogenesis now becomes strongly hyperpolarizing, 
with an el:flux of K. The mode of action of hyperpolarizing stimuli is less clear in the 
absence of further data.  It is possible, for example, that the K  channels become in- 
activated when EM is at or close to zero potential and that the hyperpolarizing stimu- 
lus induces K  activation. As the membrane potential approaches Er,  K  activation is 
quenched and the hyperpolarizing spike decays along the characteristic of the passive 
membrane. Thus the duration  of the hyperpolarizing spike is about the same as the 
duration  of the  undershoots in the diphasic spikes of Tenebrio as  well  as  Ascaris (A). 
The  three  negative slope regions  of the  characteristic  of the  diphasic  spike still  are 
present  in  the  depolarized  cell  (C). 
The  depolarization  of Ascaris cells,  when  Clo  is  elevated,  is  slow  and  reversible 
(Fig.  3,  p.  609),  indicating that C1 enters the cell.  It suggests, furthermore, that the 
nondiffusible  intracellular  electrolyte  has  a  low  concentration of negative  charges. 
Depolarization would tend  to diminish K~ and  to make EK less inside negative.  For 
example, in the "polarized" Ascaris cells EK was at least --68 mv when Ko was about 
is from Fig.  12  of del Castillo  and Morales, reproduced at the  same amplification as 
the K  spike of the  Tenebrio muscle fiber.  The resting potential of the depolarized cell 
(EPa~) is drawn in the diagram at about  -10 my, while ED and EK are shown as un- 
changed. The diagram shows two varieties of  ionic events. In one, a depolarizing stimulus 
first  causes  a  shift  of the  membrane potential  toward  Eo  and  subsequently,  toward 
Ex as in A. However, because the cell is depolarized the depolarizing electrogenesis  is 
relatively smaller and  the hyperpolarizing phase is larger.  In the  second  sequence,  a 
hyperpolarizing stimulus  is assumed to induce K  activation and only hyperpolarizing 
electrogenesis  is initiated. In both cases the large hyperpolarization terminates outward 
flow of current and the charge on the membrane is dissipated  as an inward  current, 
across  the now passive  membrane resistance.  The closeness of Et~ and ED as well as 
the possible occurrence of other nonlinear ionic characteristics can account for secondary 
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25 rnM  (p.  614), but in the depolarized cells Ex was approximately --50 mv for the 
same concentration of Ko, diminished to about  --40 mv when Ko was increased to 
about 33 mM, and fell below --30 mv when Ko was raised to about 52 mM (Fig.  14, 
p.  621).  In  fact,  "in  six  (of 14)  cells  the  (hyperpolarizing) spike was  abolished  at 
[K+]o higher than 24.6 raM" (p. 619), an indication that Ki was at or near this value, 
which is the level of K  in  the perienteric fluid  (Table I, p.  607).  Only three of the 
remaining eight cells developed spikes in 51.7 mM Ko, and these cells "were excitable, 
for a  brief period" only (p. 619).  Tenebrio muscle fibers also depolarize rapidly in the 
course of repetitive stimulation  (Belton and Grundfest, 1962). The tendency of EM to 
approach  Ex  indicates  that  the  membrane  is  approaching  the  condition  of  a  K 
electrode as a  consequence of activity. 
The depolarizing electrogenesis of the Ascaris cell has a  maximal rise rate of only 
9 v/see at 39°C  (p. 614), and the repolarizing or hyperpolarizing electrogenesis that 
is  due  to  K  activation  also  develops  relatively slowly.  The  interplays  of the  two 
antagonistic  negative  slope  processes,  particularly  if they are  accompanied  by in- 
activation processes for some of the ions, can give rise to prolonged and/or oscillatory 
responses, and  such responses have been observed in  a  number of cells  (Grundfest, 
1961,  1966 a). 
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